Abstract. The intermittent drawbacks due to fluctuating temperature factor inside photovoltaic (PV) cells have clearly affected the overall energy performance especially in stochastic weather conditions. Temperature element in the tropical regions is a crucial factor to be determined based on Standard Testing Condition (STC) and Nominal Operating Cell Temperature (NOCT) correlations. Based on the crucial implication of heat dissipation, this study shares some insights of five level heat contour covering the surrounding temperature, PV surface temperature, PV bottom temperature and 2-level of two feet height located under PV array. The field data in real-time approach has been brought up in line to support the energy balance modelling for PV applications with localized heat contour analysis using statistical evaluations. The regression analysis of the 3471 data sampling for the period of 5 days (7AM till 7 PM) produces very good results with correlation coefficient, R 2 = 0.97.
Introduction
Malaysia is a tropical-flourished country suitable for deploying Solar PV technologies with naturally abundance sunshine of 6 hours daily [1, 2] . The Malaysian government is dedicated to develop solar energy as one of the significant sources of energy in the country towards achieving green technology plan [3, 4] and as a promising backup energy consequently reducing the dependency on the fossil-fuel based energy [5] . There are various aspect need to be considered in the PV system for tropical sites which among others are solar radiation, ambient temperature, humidity, wind speed and direction, PV panel material composition, and the mounting structure [6] [7] [8] . The intermittent drawbacks due to fluctuating temperature factor inside photovoltaic (PV) cells have clearly affected the overall energy performance especially in stochastic weather conditions. Shaari et al. in [9] also highlighted that it is essential to determine the temperature dependence coefficients for PV application especially in the hot and humid climate regions. Based on the 2012 annual reports by the Meteorological Department of Malaysia, the surrounding temperature was reported with monthly mean temperature ranging from 26 0 C to 29 0 C and the mean daily global radiation ranging 16 MJ/m 2 to 23 MJ/m 2 Temperature element in the tropical regions is a crucial factor to be determined based on Standard Testing Condition (STC) and Nominal Operating Cell Temperature (NOCT) correlations [10, 11] . Most PV module parameters provided by manufacturers are tested under the Standard Test Conditions (STC). STC are defined as PV module temperature of 25° C and irradiance of 1000 W/m 2 with a spectral distribution conforming to the AM1.5 spectrum. However most of PV researcher considered STC and NOCT only for lab-testing purposes and cannot be referred for real-life operating conditions [12, 13] for example, Koehl et al. [13] conducts field study and models the NOCT based on outdoor weathering at different test sites. Heat source are dissipated by the photonic conversion process in PV cells and thus implied together with the electricity generation as discussed by various researches [14] [15] [16] . Typically 13-20% of the solar radiation is converted into electricity and the remainder is converted into heat [17] . The heat contour in the PV system is also another approach to visualize heat discharge and it can be modelled using statistical evaluations [18, 19] . Sun Jian et al. [20] studied the PV heat dissipation issue and introduces heat transfer equation h back = h total -h rgs -h cgw (1) where h back is the heat transfer coefficient from back panel, h rgs radiation heat transfer coefficient, h total is the overall heat loss coefficient and h cgw is the convection heat transfer coefficient. All of the heat dissipation and convection with respect to the operation of PV arrays are generally shows the direct material-based effect. This study prolonged the testing condition of the heat dissipation model with respect to different levels and distance of heat measurement which shows direct impacts from ground level heat and humidity up to the sunlight reflection and also flowing wind. An effort has been brought up in line to maintain the energy balance in the PV system with localized heat contour analysis using statistical evaluations. The multiple linear regression (MLR) technique and analysis of variance (ANOVA) are used to analyze the light intensity and humidity which shows that a fairly strong correlation factor of 0.89 within the specified confidence intervals [21] .
Experimental setup
The Fixed Flat PV generator system shown in Figure 1 The specifications of the PV panel are shown in Table 1 . Several methods can be used to determine the device temperature during operation, most of which add complexity and cost. Thermocouples attached to the device to directly measure the temperature. Thermocouple type-K (as shown in Figure 2 ) is used to measure the temperature of the heat located at upper surface, bottom surface and under the PV panels with temperature range between -200°C to + 1250°C.
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Fig. 2. 5-levels temperature measurement for Heat Dissipation using type-K sensor
The temperature or heat discharge are localised at five-level points which is surface (FF s ), bottom (FF b ), below the PV array on the centre part (FF h mid ) and below the PV array on the bottom side, (FF h lower ) and compared with surrounding temperature, (T a ). The location of each sensors are illustrated in Figure 3 .
Fig. 3. Localised thermocouples sensor for heat dissipation analysis
The readings from each thermocouple sensor are recorded to the cRIO platform as configured in Figure 4 setup for the data analysis process. 
Results and discussion
The data recorded are measured for 5 continuous days within 1 minute intervals during the normal operation of PV array as plotted in Figure 5 . The distribution of the temperature for the five different levels is showing consistency with 2 segments of temperature level which is Segment 1 (FF s and FF b ) and Segment 2 (FF h,mid , FF h,lower , and T a ). The important findings in this work focuses on the correlations of the FF b which is the bottom direct measured PV array temperature because most of the literature refers to the PV bottom side as the cell temperature value, T c
Fig. 5. Plotted temperature values for 5-level heat dissipation in PV operation
The Segment 1 temperature effect is generally shows the direct PV material heating effect and for Segment 2 shows the in-direct heating elements projected due to the PV material heating effect. In both condition we can conclude some correlations as indicated using the Analysis of Variance, ANOVA (shown in Table 1 ). The regression analysis of the 3471 data sampling for the period of 5 days (7AM till 7 PM) produces very good results with correlation coefficient, R 2 = 0.97. From the 4 temperature parameter tested, obviously the surface temperature, T s has the highest correlation value at 98% affecting the T c value. The correlation value of FF h, mid however is slightly lower as compared to the FF h, lower where the distance between these two sensors are 1 feet length. This condition may be due to continuous heating from ground-level and the flowing wind.
Conclusion
This work initiates the testing condition of the heat dissipation model for Photovoltaic (PV) arrays with respect to the different heat levels and correlations to the cell temperature, Tc. 
